The taxonomic position of a group of seven closely related lactose-negative enterobacterial strains, which were isolated from fresh faecal samples of Marmota himalayana collected from the Qinghai-Tibetan plateau, China, was determined by using a polyphasic approach. Cells were Gram-reaction-negative, non-sporulating, non-motile, short rods (0.5-161-2.5 mm). By 16S rRNA gene sequences, the representative strain, HT073016 
The genus Escherichia belongs to the family Enterobacteriaceae of the class of Enterobacteriales. To date, five species have been recognized including Escherichia coli (Castellani & Chalmers, 1919) , Escherichia hermannii, Escherichia vulneris (Brenner et al., 1982a, b) , Escherichia fergusonii (Farmer et al., 1985) and Escherichia albertii (Huys et al., 2003) . Here, we report on a novel species named Escherichia marmotae sp. nov., which was isolated from faeces of the wild marmot Marmota himalayana in Qinghai-Tibet Plateau China.
M. himalayana in the Qinghai-Tibet plateau in China is recognized as a major animal reservoir of Yersinia pestis. As a result, Qinghai-Tibet plateau where M. himalayana lives is a natural plague focus (Stone, 2010) . In the 2012 national plague surveillance, 138 live M. himalayana animals were captured and sampled in Yushu Perfecture of Qinghai Province, China, to monitor possible animal plague. All tested negative for Y. pestis. We also attempted isolation of species of the genus Salmonella using CHROMagar Salmonella selective agar. Interestingly, a light purple colony was obtained after 18-24 h of growth on Salmonella selective agar, which was indicative of a putative isolate of the genus Salmonella, based on the colour reaction on CHROMagar. The single colony was further purified on Luria-Bertani (LB) agar plates by one round of subculture, and named HT073016 T . After confirming HT073016 T was not an isolate of the genus Salmonella but a representative of a potential novel species (see below), we rescreened the other 137 samples and obtained two more strains from two different faecal samples. These two strains were named HT080709 and HT080711. Additionally, using the same procedure, we recovered four additional HT073016
T -like strains, HT072503, HT080401, HT073105 and HT080118, from screening 200 M. himalayana faecal samples collected during our 2013 national plague surveillance.
HT073016
T was used as a representative of the seven strains for morphological and physiological characterization. Morphological features of the cells were determined using light microscopy and transmission electron microscopy (Hitachi HT7700) from cells cultured aerobically on LB agar plates for 1 day at 37 8C. Atmospheric requirement was tested under aerobic and anaerobic conditions. Cell motility was tested by motility assays in soft agar plates . The Gram reaction was performed using the classical Gram-stain procedure (Austrian, 1960) . The optimum temperature for growth was tested at 4, 20, 25, 37, 40, 45, 50 and 55 8C on LB medium and tolerance of NaCl (0-10 %, at intervals of 1 %, w/v) was examined using LB medium as basal medium. HT073016
T was a facultative anaerobe. Cells were Gram-reaction-negative, non-sporulating, non-motile and short rods (0.5-161-2.5 mm). Colonies on LB agar were circular, semi-transparent, grey-white, convex and ,2 mm in diameter.
All seven strains were characterized biochemically using API 20E and API 50CH according to the manufacturer's instructions (bioMérieux). All seven strains showed the same API 20E and API 50CH results, both of which indicated that the strains belong to genus Escherichia, rather than the genus Salmonella. However, these strains also differed from all recognized species of genus Escherichia. They were distinguishable from E. coli by no production of indole, no fermentation of lactose, and by the inability to produce b-galactosidase. They could be distinguished from the other described species of the genus Escherichia by fermentation of D-sorbitol and glycerol (Table 1) .
We then analysed the 16S rRNA gene sequence of all seven strains. The genomic DNA extraction was performed by using a DNeasy Blood & Tissue kit (Qiagen) according to manufacturer's instructions and 16S rRNA gene amplification and cloning were achieved using the universal eubacterial primers 27F-1492R (59-agagtttgatcmtggctcag-39and 59-ggytaccttgttacgactt-39) (Jin et al., 2013) . Raw sequence data were processed using DNASTAR version 7 (DNASTAR Biosoft). Sequences of related taxa were obtained from the NCBI GenBank database. The sequences were aligned using CLUSTAL W and phylogenetic analysis was performed using MEGA version 5 (Tamura et al., 2011) .
Near-complete 16S rRNA gene sequences (1464nt) were obtained from all seven strains. They differed from each other by a mean of 0.11 % and were thus very closely related. Pairwise comparison of the 16S rRNA gene sequence of HT073016
T with those of the neighbouring taxa obtained from the NCBI GenBank database revealed that the phylogenetic position of strain HT073016
T was in the genus Escherichia (Fig. 1) (Table  S1 ). The other organisms with highest 16S rRNA sequence similarity values to HT073016
T were Leclercia adecarboxylata (96.2 %) and Shimwellia blattae DSM 4481 T (96.1 %).
We then sequenced the genome of strain HT073016 T . Chromosomal DNA from HT073016
T for genome sequencing was isolated by using a Wizard Genomic DNA Purification kit (Promega) and sequenced using Illumina Hiseq2000 90 bp paired-end sequencing. A total of 6 150 104 reads and 483 Mb data were obtained for a depth of coverage of approximately 1006. The 6 150 104 reads were assembled into 229 contigs in 134 scaffolds using SOAPdenovo (version 2.04; Luo et al. 2012) . The draft genome size of HT073016 T was 4 629 989 bp.
To further clarify the taxonomic relationship between strain HT073016 T and other species of the genus Escherichia, the genome sequence of strain HT073016
T was used for in silico DNA-DNA hybridization (DDH) analysis. DDH has 
been used to define species since the 1960s. A value of 70 % DDH was proposed by Wayne et al. (1987) as a recommended standard for delineating species. Especially when the species to be distinguished share 16S rRNA gene sequence similarity values of more than 97 %, DDH must be used as an additional measure (Goodfellow et al., 1998) . In recent years, genome-sequence-based DDH has been replacing wet-lab DDH in microbial taxonomy (Auch et al., 2010; Deloger et al., 2009; Goris et al., 2007; Konstantinidis & Tiedje, 2005 T and E. vulneris NBRC 102420 T , using the DDH web-software (Auch et al., 2010) at http://ggdc.dsmz.de/ using the draft genome sequence of strain HT073016 T (JNBP00000000). Sequences of related taxa were obtained from the NCBI GenBank database (GenBank accession numbers: AGSE01000000 for E. coli DSM 30083 T , BBMY01000000 for E. albertii NBRC 107761 T , NC_011740 for E. fergusonii ATCC 35469 T , NZ_BAFF00000000 for E. hermannii NBRC 105704 T , BBMZ01000000 for E. vulneris NBRC 102420 T ).
T displayed the highest DNA relatedness value, 43.1 %, with E. coli DSM 30083 T (Table 2) , consistent with their phenotypic and 16S rRNA gene sequence relatedness. The DNA relatedness values of HT073016 T with the other species of the genus Escherichia were much lower, ranging from 20.9 to 38.1 % ( Results are percentages based on Formula 2: sum of all identities found in high-scoring segment pairs (HSPs) divided by overall HSP length. Formula 2 is independent of genome length and is thus more robust when applied to incomplete draft genomes (Auch et al., 2010 (Table S2) , an environmental isolate from the genus Escherichia which has not been assigned a species status (Luo et al., 2011) . On the basis of 16S rRNA gene sequence similarity and DDH values, TW09308 is also a member of this novel species.
The DNA G+C content of the genome was determined using the thermal denaturation (T m ) method (Mandel & Marmur, 1968 ) using E. coli K-12 as control and found to be 53 mol%.
The cellular fatty acid composition of strain HT073016 T was then determined using the standard Sherlock Microbial Identification System (MIDI). Cells were cultured to lateexponential phase on tryptic soy agar (Difco) at 28 8C for 24 h and harvested for cellular fatty acid composition analysis using the quadrant streak pattern method according to the instruction manual. The major cellular fatty acids of strain HT073016 T were C 16:0 (34.42 %), C 17:0 cyclo (19.51 %), C 18:1 v7c (11.58 %), C 14:0 3-OH/iso-C 16:1 I (8.67 %), C 16:1 v7c/C 16:1 v6c (7.65 %), C 14:0 (7.15 %), C 12:0 (3.38 %) and C 19:0 cyclo v8c (3.17 %).
Antimicrobial susceptibilities to streptomycin (25 mg), gentamicin (120 mg), amikacin (30 mg), ciprofloxacin (10 mg), enrofloxacin (5 mg), imipenem (10 mg), ertapenem (10 mg), ampicillin (25 mg), cefazolin (30 mg), cefotaxime (30 mg), piperacillin/tazobactam (110 mg), amoxicillin/ clavulanate (30 mg), cefotaxime/clavulanic acid (30 mg), tetracycline (30 mg), polymyxin (300 units), chloramphenicol (50 mg), florfenicol (30 mg) and trimethoprim/ sulfamethoxazole (25 mg) were determined by the disc diffusion method using Oxoid discs recommended by CLSI (2011) according to the conventional Kirby-Bauer method (Bauer et al., 1966) . All seven strains were sensitive to all 18 antibiotics. Therefore, on the basis of their phenotypic and phylogenetic properties, the seven strains (HT073016 T , HT080709, HT080711, HT072503, HT080401, HT073105, HT080118) belong to a novel species of the genus Escherichia, for which the name Escherichia marmotae sp. nov. is proposed.
Description of Escherichia marmotae sp. nov
Escherichia marmotae (mar.mo9tae. N.L. fem. n. marmotae referring to the isolation of the type strain from the marmot Marmota himalayana).
Cells are facultatively anaerobic, Gram-reaction-negative, non-sporulating, non-motile, short rods (0.5-1| 1-2.5 mm). Colonies on LB agar are circular, semi-transparent, grey-white, convex and *2 mm in diameter after incubation at 37 uC for 1 day. Can grow at 25-37 uC, and with 0-6 % NaCl. The optimum growth conditions are 37 uC and 1 % NaCl. Positive for catalase and negative for oxidase and urease. In API 20E tests, positive for lysine decarboxylase, but negative for b-galactosidase, arginine dihydrolase, ornithine decarboxylase, citrate utilization, H 2 S production, phenylalanine deaminase, indole production, Voges-Proskauer test and gelatin reaction. In API 50CH tests, positive for glycerol, D-arabinose, Larabinose, RNA, D-xylose, galactose, glucose, fructose, mannose, rhamnose, mannitol, sorbitol, N-acetylglucosamine, maltose, trehalose, L-fucose and gluconate; negative for red versicolor alcohol, L-xylose, adonitol, methyl b-D-xyloside, sorbose, dulcitol, inositol, methyl a-Dmannoside, methyl a-D-glycoside, amygdalin, arbutin, aesculin, salicin, cellobiose, lactose, melibiose, sucrose, inulin, melezitose, raffinose, starch, glycogen, xylitol, gentiobiose, turanose, D-lyxose, D-tagatose, D-fucose, D-arabitol, L-arabitol, 2-ketogluconate and 5-ketogluconate. By KirbyBauer disc diffusion testing, susceptible to streptomycin, gentamicin, amikacin, ciprofloxacin, enrofloxacin, imipenem, ertapenem, ampicillin, cefazolin, cefotaxime, piperacillin/ tazobactam, amoxicillin/clavulanate, cefotaxime/clavulanic acid, tetracycline, polymyxin, chloramphenicol, florfenicol and trimethoprim/sulfamethoxazole.
The type strain, HT073016
T (5CGMCC 1.12862 T 5DSM 28771 T ), was isolated from a fresh faecal sample of a wild marmot Marmota himalayana in Yushu Tibetan autonomous prefecture, Qinghai province, China. The DNA G+C content of this strain is 53 mol%.
